Objective: We aimed to evaluate the clinical features of sclerodermatous chronic graft-versus-host disease (GVHD) after allogeneic hematopoietic stem cell transplantation (AHSCT).
Introduction
The development of acute and chronic graft-versus-host disease (aGVHD, cGVHD) after allogeneic hematopoietic stem cell transplantation (AHSCT) remains a major clinical problem associated with significant morbidity and mortality [1, 2] . The skin, gastrointestinal tract and liver are the organs primarily affected [3] .
Chronic GVHD (cGVHD) remains a major complication of AHSCT, and it affects more than 50% of long-term survivors of AHSCT [4] . cGVHD can occur anytime from months to years after AHSCT and may or may not be preceded by episodes of aGVHD. Lichenoid and sclerodermatous changes have been described [2] [3] [4] [5] [6] . Sclerodermatous cGVHD is distinguished by plaques of dermal sclerosis resembling morphea, and eventually by generalized scleroderma, often resulting in joint contractures [1] [2] [3] [5] [6] [7] .
Nevertheless, few data are available regarding the late sclerodermatous phase of cGVHD. Most authors do not separate lichenoid and sclerodermatous cGVHD in their reports. In this study, we describe the clinical features of 22 patients with sclerodermatous cGVHD who had received AHSCT.
Materials and Methods
We retrospectively analyzed 423 patients who underwent AHSCT. The study was conducted by the Departments of Dermatology and Hematology in one of the largest university hospitals in Turkey. We reviewed the clinical characteristics after the appearance of sclerodermatous cGVHD. We assessed age, sex, pre-transplant diagnosis, conditioning regimen, GVHD prophylaxis, preceding aGVHD and/or lichenoid cGVHD, and clinical properties of sclerodermatous cGVHD. The patient data are summarized in Table 1 . The diagnosis and grading of aGVHD and cGVHD were made according to the recent National Institutes of Health (NIH) consensus conference [8] . Mild cGVHD involves only one or two organs or sites (except lungs, with no clinically significant impairment). Moderate cGVHD involves at least one organ or site with clinically significant impairment but no major disability, or three or more organs or sites with no clinically significant functional impairment. Severe cGVHD indicates major disability caused by cGVHD [8] . The skin lesions in cGVHD were classified as: (1) lichenoid lesions or (2) sclerodermatous lesions. Patients were classified as having generalized sclerodermatous cGVHD if more than two anatomic sites were involved and as localized in the remaining cases. The clinical diagnosis of cGVHD was established by a dermatologist and the diagnosis of cutaneous sclerodermatous GVHD was established based on both clinical and dermatopathological findings. Pigmentation changes like widespread, well-demarcated, hyperpigmented macules (leopard skin-like pigmentary changes) [2] , areas of hypopigmentation, depigmentation, poikiloderma (atrophic and pigmentary changes), lichen sclerosus-like lesions (discrete to coalescent gray to white movable papules and plaques), keratosis pilaris, and ichthyosis were also evaluated. Presence of Raynaud phenomenon, sclerodactyly, and esophageal, joint and/or lung involvement was noted. Autoimmune markers such as anti-nuclear antibodies (ANA), anti-double-stranded DNA (anti-DsDNA), SCL-70 and anti-centromere antibodies (ACA) were screened after the diagnosis of sclerodermatous GVHD.
Moderate or severe GVHD was treated with 3-5 mg/kg/ day cyclosporine (CsA) and 1 mg/kg/day prednisone in patients already receiving CsA therapy (Seattle regimen). In non-responders, 15 mg/kg/dose twice daily mycophenolate mofetil (MMF) and/or extracorporeal photopheresis (ECP) were added to CsA therapy. UVAR XTS system (Therakos, Exton, PA, USA) was used during ECP. Each cycle of ECP consisted of two consecutive days at two-week intervals for the first three months and thereafter every four weeks until a maximum period of one year. Psoralen-UV-A (PUVA) therapy was given using oral 8-methoxypsoralen and a UV-A dosimetry regimen. PUVA was delivered three times weekly starting at a dose of 0.5 J/cm 2 and increasing the dose by 0.5 J/ cm 2 increments at each treatment to a maximum dose of 6 J/cm 2 . Patients were clinically examined twice weekly during the first three months and monthly afterwards. Response to therapy was defined as complete if less than 2% of the skin surface showed tightness and all other signs associated with cGVHD had disappeared [5] . Patients who did not show any improvement in the sclerotic changes were defined as nonresponsive. The response was defined as partial in the remaining cases.
A statistical analysis was performed using SPSS 15. 
Results
The development of sclerodermatous GVHD was observed in 22 (5.2%) out of 423 patients. Thirteen patients were male and 9 were female, with a mean age of 32±9 years. All the patients were transplanted from HLA-identical sibling donor. Sex mismatch was found to be statistically significant in the development of sclerodermatous GVHD (p=0.02). CsA plus short-term methotrexate (n=18) or MMF (n=4) was used for prophylaxis of GVHD ( Table 1) . History of aGVHD (> Grade II) was present in 17 patients (77%), with hepatic involvement in 2, gastrointestinal tract involvement in 2 and skin involvement in 13 patients. Eight patients (36.4%) progressed from lichenoid to sclerodermatous lesions, 2 (9.1%) with lichenoid and sclerodermatous phases together and 12 (55.5%) with de novo sclerodermatous lesions.
Clinical features of chronic sclerodermatous GVHD:
Moderate (7 patients) or severe (5 patients) cGVHD developed in 12 patients, while it was mild in 10 patients. Five patients (23%) developed de novo chronic cutaneous GVHD without a previous aGVHD. Sclerotic lesions developed after a mean of 752±647 days (median 480). Immunosuppressive therapy was interrupted in 16 (72%) patients before sclerodermatous lesions had developed. Sclerosis was generalized in 19 patients (86.4%) and localized in 3 patients (13.6%). There was no statistically significant difference between the extensiveness of sclerodermatous GVHD and presence of previous aGVHD (p=1.00) or cGVHD (p=0.21). Widespread, welldemarcated, hyperpigmented macules and hypo-hyperpigmentation appeared in 8 (36.4%) and 11 (50%) patients, respectively ( Figure 1 ). In most of the patients, sclerotic lesions One patient presented with lichen sclerosis-et-atrophicus and one with septal panniculitis. Other associated lesions were poikiloderma (n=3) (Figure 5 ), pyogenic granuloma-like lesions (n=1), bullous lesions and erosions (n=1), ulcers (n=2) (Figure 5 ), eccrine hydrocystoma (n=1), acquired ichthyosis (n=2), cicatricial alopecia (n=3) (Figure  1 ), vitiligo (n=2), sicca syndrome (n=2), and salivary abnormalities (n=5). There was no standard therapy. None of the patients with localized scleroderma responded to CsA therapy. Partial response was achieved in five patients with extensive sclerodermatous GVHD. Three of them received ECP, MMF and CsA combination, one received only ECP, and one was given MMF and PUVA. The number of PUVA therapies in this patient was 48, and the total UVA dose was 135 J/cm 2 . Duration of ECP was one year in 4 patients showing partial response and six months in 4 patients without any response. Patients treated with ECP alone or ECP plus MMF, CsA or prednisone showed statistically significant improvement compared to patients treated with other treatment regimens (p=0.03). The effect of treatment appeared after three months and was maximal after seven or eight months.
Five patients died because of late transplant-related complications. All these patients had extensive disease (multi-organ involvement).
Discussion
The incidence of cGVHD is 30-50%. Of these, 90-100% develops cutaneous disease. cGVHD can occur de novo, but it is seen more often following aGVHD, which is the most important risk factor for the development of cGVHD. In our study, 17 of the 22 patients (77%) developed secondary chronic cutaneous GVHD following acute cutaneous GVHD, and in 5 patients (23%), de novo chronic cutaneous GVHD occurred without previous aGVHD.
The mucocutaneous manifestations of cGVHD clinically resemble a wide variety of skin diseases, including lichen planus, lichenoid eruptions, sicca syndrome, morphea, scleroderma, and lichen sclerosus. Chronic cutaneous GVHD is categorized according to the type of lesions into lichenoid and sclerodermatous variants. Both types may occur in a single patient. While the literature precedent invariably associates the lichenoid manifestations of cGVHD as a part of the cutaneous manifestations of cGVHD, Magro et al. [9] suggested that the early-onset lichenoid GVHD is a unique form of aGVHD. Sclerodermatous cGVHD has the most severe skin involvement and appears late in the course of the disease [1] . It has been described in small series of patients [1] [2] [3] 5] . In our study, the rate of sclerodermatous cGVHD among all surviving patients was similar (5.2%) to previously reported (3.4-3.6%) studies [2, 3] but lower than in the study of Skert et al. (10.5%) [5] . Sclerotic lesions of our patients developed after a mean of 752±647 days (median 480, range: 3 months -5 years). The length of time between AHSCT and the onset of sclerodermatous cGVHD has been reported within a wide range (292-2190 days, mean 730) [1] [2] [3] 5] .
Chosidow et al. [3] found that lichenoid GVHD always preceded the sclerodermatous phase. Shulman et al. [4] suggested that patients with generalized sclerodermatous GVHD followed a biphasic course, with first a generalized erythematous or violaceous rash, and then poikiloderma with sclerotic skin. In our study, 8 of our patients (36.4%) progressed from lichenoid to sclerodermatous lesions, 2 (9.1%) with lichenoid and sclerodermatous phases together and 12 (55.5%) with de novo sclerodermatous lesions.
Sclerodermatous lesions begin with indurated plaques with loss of skin markings and appendages causing pain and chronic ulceration, predisposing to generalized wasting and pyogenic infections of the skin. Sometimes subcutaneous fat and fascia are also involved, resulting in eosinophilic fasciitislike appearance. Chosidow et al. [3] reported that 4 of their 7 patients showed fibrosis in the dermis extending to the subcutaneous fat, and this association has been suggested in two recent reviews [6, 7] . Penas et al. [2] suggested that septal panniculitis should be described as a histological type of scleroder- 8 matous GVHD, and they found septal panniculitis in 6 (50%) of the 12 patients with biopsy specimens available for evaluation. In the present study, we observed septal panniculitis and clinical fasciitis in only 1 patient.
In our study, the rate of lichen sclerosus-like lesions was lower (4.4%) than in the previously reported (29-47%) studies [2, 3] . These lesions progressed to sclerotic areas in the late phases of the disease. Considering the retrospective nature of the present study, it is possible that those patients with early lichenoid lesions might have been missed, and the actual incidence might not have been lower than the reported studies. The presence of both lichen sclerosus-like lesions and the histological findings of septal panniculitis in the disease process suggest that the sclerosis in sclerodermatous GVHD can start and affect any level of the skin and can extend to involve the complete dermis, the subcutis, and even the fascia. Despite the fact that sclerodermatous GVHD and scleroderma have some similarities in cutaneous fibrosis, a recent study comparing the dermal microvasculature in sclerodermatous GVHD to scleroderma suggested that sclerodermatous GVHD is a suitable model for studying dermal sclerosis but may not be applicable for studying the microvascular alterations characteristic of scleroderma. Focal capillary proliferation occurs in early sclerodermatous GVHD; however, loss of endothelial markers and dermal capillaries is seen in scleroderma but not in sclerodermatous GVHD [10] .
Authors have stated that leopard skin eruption-like pigmentary changes (widespread, well-demarcated, hyperpigmented macules) precede, almost constantly, the development of evident sclerosis and are very distinctive [2, 11] . We observed these changes preceding the sclerotic lesions in 8 (36.4%) patients. Poikiloderma was described as a frequent finding in the first reports of cGVHD [1] . Since then, it has been infrequently described [3] . In our study, we found poikiloderma in 3 patients (13.6%).
Eccrine hydrocystoma has not yet been described in association with cutaneous GVHD. We found eccrine hydrocystoma in 1 patient. Here, the obstruction of the eccrine duct via sclerosis may be responsible for the development of eccrine hydrocystoma.
Sclerodermatous cGVHD can give rise to reduced range of motion and secondary effects including loss of strength, endurance and functional capabilities. In our set, joint retractions and dysphagia were found in 2 (9%) patients. Acrosclerosis and Raynaud phenomenon, which are commonly seen in progressive scleroderma, are not frequent in sclerodermatous cGVHD [12] . None of our patients with sclerodermatous GVHD showed this phenomenon or underwent an edematous phase of systemic scleroderma. No female predominance was found. Sclerodermatous lesions tend to affect the trunk and proximal extremities while distal parts of the extremities were spared. Autoimmune markers like SCL-70 and ACA were negative. All of these data suggest that, although patients fulfill some criteria for systemic sclerosis, both diseases could have different etiopathogeneses.
In cGVHD, oral lesions are seen in approximately 80% of the patients. Oral manifestations may include xerostomia, lichen planus-like changes, reticular whitish plaques, erosions and ulcerations, and submucosal fibrosis [6, 7, 13] . Sicca syndrome of the eyes and the mouth can be seen and pyogenic granuloma formation has been reported as a rare finding [6, 7, 14] . Oral mucosa involvement was present in 13 (59%) of our patients. The most frequent findings were mucosal ulcerations and erosions.
Survival rates for patients with cGVHD are approximately equal to rates for patients without cGVHD, regardless of treatment. Spontaneous resolution of sclerodermatous GVHD may occur. However, none of our patients showed spontaneous resolution of the lesions. cGVHD has direct influence on both mortality and morbidity. The most important causes of mortality are infections, liver dysfunction and cachexia [7] . Of the 22 patients that we studied, 5 patients died due to late transplantrelated complications.
Numerous treatments, including prednisone, azathioprine, penicillamine, CsA, methotrexate, MMF, thalidomide, clofazimine, anti-CD20 monoclonal antibody, ECP, phototherapy with bath PUVA, UVA1 or UVB, etretinate or various combinations, have been tried with varying success in sclerodermatous GVHD [2, 3, 5, [15] [16] [17] [18] [19] [20] [21] [22] . The best therapeutic response has been achieved with etretinate, ECP, high doses of steroid and azathioprine, and methotrexate [2, 5, 15, 16] . Anti-CD20 monoclonal antibody has been found to have significant activity in the treatment of refractory sclerodermatous GVHD [22] . Imatinib mesylate 400 mg/day, which enables inhibition of fibroblast growth and decreased collagen production via inhibition of the transforming growth factor beta (TGFbeta) and platelet-derived growth factor (PDGF) pathways, is found to be effective especially in patients with refractory sclerodermatous cGVHD [23] . We achieved partial response in 5 patients showing extensive sclerodermatous changes. Patients treated with ECP alone or ECP plus MMF, CsA or prednisone showed statistically significant improvement compared to patients treated with other treatment regimens (p=0.03). Several retrospective and prospective studies have shown the efficacy of ECP in the management of cGVHD [24] . These reports included patients who were not responsive to at least one line of therapy, in most cases steroids and CsA, and ECP had been used as adjunctive treatment. Similar to our patients, the effect of treatment appeared after two or three months and was generally maximal after six months. The mechanism of action of ECP in GVHD is still not entirely understood. However, several studies seem to support the hypothesis that ECP operates as an immunological response modifier [24] . In addition, ECP causes PUVA damage to T cells and stimulates the differentiation of monocytes into active dendritic antigenpresenting cells. We achieved partial response in 1 patient receiving MMF and PUVA combination. Response was seen at the third month of the therapy. The number of PUVA therapies in this patient was 48 and the total UVA dose was 135 J/cm 2 . MMF alone was not found to be effective in 2 patients.
In conclusion, sclerodermatous GVHD has a late onset and clinically may be quite disabling. Unlike scleroderma, acral involvement is seen rarely and most patients have trunk involvement with widespread, well-demarcated, hyperpigmented macules. Moderate or severe cGVHD precedes generalized sclerodermatous involvement in most patients. Although most lesions do not disappear in the course of the disease and are therapy-resistant, most patients have a good prognosis.
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